The effect of some polyethylene glycols (PEG) as inhibitors on the corrosion of aluminum in 1.0 M H3PO4 has been studied using weight loss and polarization measurements in various concentrations of PEG and at different temperatures. The dissolution of aluminum in phosphoric acids increases by increasing temperatures and decreases by increasing the additive concentrations. The inhibition efficienciy values proceed according to the following order of the molecular weights of the used inhibitors PEG 4000 > PEG 2000 > PEG 1500 > PEG 400. For relatively higher molecular weights inhibitor (beginning from 1500) the type of adsorption taking place at the surface of aluminum was physical adsorption whereas for the molecular weight. = 400 had different behavior till 50 o C and then the inhibition efficiency decreasing at 60 o C indicating physical adsorptions. The lone pair of electrons of oxygen atom of hydroxyl groups play an important role in the adsorptions of additives on aluminum surface, which affected by polarization. The thermodynamic calculated values of activation and adsorption were calculated and discussed.
Introduction
Corrosion of aluminum and aluminum alloys has been the subject of numerous studies due to the importance of such materials in contemporary civilization and to their greatly industrial applications (1) (2) (3) . Many researches were devoted to study the corrosion of aluminum in different aqueous solutions (4) (5) . It is very important to add corrosion inhibitors to decrease the corrosion rate of the dissolution of aluminum in such solutions (6) . The processes of adsorption of inhibitors are influenced by: the nature and surface charge of the metal, the chemical structure of organic inhibitors, the distribution of charges in the molecule and the type of electrolyte (7) . The chemisorptions are the principle type of interaction between organic inhibitors and the metal surface (8) . The adsorption of organic inhibitors mainly depends on some physicochemical properties of the molecule, related to its functional groups, to the possible steric effects and electronic density of donor atoms (9) . Recent studies have been concerned with the effect of oxygen-containing compounds such as polyethylene glycol with different molecular weights on the inhibition of aluminum corrosion (10) . The general formula of polyethylene glycol is given by "H(-OCH2-CH2-)nOH ", for PEG 400, average value of n between 8.2 and 9.1, viscous, slightly hygroscopic and liquid, for PEG 1500,average value of n between 29 and 36 , white, free flowing powder, for PEG 2000, average value of n between 42 and 48, white solid and for PEG 4000, average value of n between 68 and 84 and white flakes.
Experimental
The samples were made from commercial aluminum sheets having the following chemical composition: Al 99%, Fe 0.2%, Cu 0.2%, Si 0.2%,Ti 0.03% and Zn 0.08% (Riedel-De Haan-Germany). Phosphoric acid assay 88% Prolabo, Arabic laboratory equipment company. For weight loss measurements, aluminum specimens were polished and cleaned according to the methods described earlier (11) (12) , the corrosion of aluminum in 1.0 M H3PO4 was carried out by using sheets (1 x 1.5 x 0.01 cm), and suspended in 50 ml of the test solutions for a known time at a desired temperatures. All solutions were prepared from ordinary distilled water, thermostated to within ± 0.1 o C of the indicated temperatures. The used of polyethylene glycol (PEG) samples were prepared and delivered from EPRI (13) . The electrochemical measurements were carried out using EG & G (Prinston Applied Research) potentiostat / galvanostat Model 372 with scan rate of 1 mV/sec. from -1750 to 1000 mV. An electrolytic cell of Pyrex glass vessel capacity 250 ml consisted of aluminum electrode in the form of sheet as a working electrode. Pt. electrode as an auxiliary electrode and saturated calomel electrode (SCE) as a reference electrode were used. The organic compounds used as inhibitors were polyethylene glycols of different molecular weights (PEG 400 -PEG 1500 -PEG 2000 and PEG 4000).
Results And Discussions

Weight-loss measurements.
Corrosion behavior of aluminum in 1.0 M H3PO4 has been studied intemperatures ranged from (20 o C -60 o C). Results given in Fig. (1) , concern the corrosion rate determined in the absence of inhibitor. The inhibition efficiency, %EI is defined as follows (14) ; % EI = [(W non inh, -W inh) / W non inh.] x 100; (1) where ; W non inh and W inh, are weight loss for the metal in the absence and presence of inhibitors respectively. Fig. (3) , which reveals the effect of temperatures on the dissolution of aluminum -that the temperature retards the inhibition effect. In general, the inhibition efficiency of these compounds increase with increasing molecular weight. This may be due to the increase in the number of ethylene oxide groups attached in molecule (15) .
The effect of temperatures on the inhibition efficiencies are shown in Fig. (4) , which shows that PEG 400 has an abnormal behavior, where the temperature accelerates the inhibition effect till 50 o C, then the adsorbed layer destroyed as a result of increasing the desorption process at 60 o C, the data are listed in Table (1) . To calculate the activation thermodynamic parameters of the corrosion reaction such as the activation energy Ea , the entropy of activation ∆Sa, free energy of activation ∆Ga and the enthalpy of activation ∆Ha, Arrhenius equation (16) was used; K = W / t (2) Where K is the specific rate constant and t is the immersion time Log K = log A -( Ea /2.303 RT ) (3) Where, A is Arrhenius constant and R is the universal gas constant.
The values of activation thermodynamic functions were calculated from (17) ,
(6) where k is Boltzmann constant and h is Blank' s constant.
From Langmuir adsorption isotherm (18) ;.
where; is the adsorption equilibrium constant , C is the inhibitor concentration, and  is the surface coverage of the metal surface by adsorbate
The values of enthalpy of adsorption can be calculated from the relation (16) ; log k = log ko -(Hads /2.303 RT) (8) where; k is adsorption coefficient. and ko is a constant.
The thermodynamic parameter data were summarized in Table ( 2) which shows that Ha, Sa of the dissolution reactions of aluminum in 1.0 M H3PO4 in presence of PEG 1500, PEG 2000, and PEG 4000 are higher as compared with those of the non-inhibited solutions, and the negative values of Hads mean that the adsorption reaction is an exothermic process (19) and the dissolution of aluminum is difficult in presence of PEG additives. The values of Gads presented in Table ( 2), indicate that the inhibitors are physically adsorbed on the electrode surface (20) . Data of Table (2) obviously show that, for PEGs with high molecular weights (1500, 2000 and 4000 gm mol -1 ), the inhibition efficiency decreases with increasing temperature, confirming physical adsorption. On the other hand, the inhibition efficiency of low molecular weight PEG (400 gm mol -1 ), obviously enhanced with rise in temperature.
These results may indicate that PEG is chemisorbed on the electrode surface. It is also, polymerization takes place on the electrode surface with rise in temperature and consequently, the inhibition efficiency increases. In addition, the values of ∆Sads decrease with increase in temperature, this meaning that a stable ordered layer of the inhibitor is formed on the aluminum electrode surface (21) .
Polarization Measurements:
Anodic and cathodic Tafel polarization curves of the dissolution of aluminum in 1.0 M phosphoric acid solution was measured in the absence and presence of 0.01 M of (PEG) additives at temperatures ranged from 30 o C to 60 o C as shown in Fig. (5) .
The data clarified that the addition of PEG inhibitor compounds shifts the corrosion potential Ecorr to more negative values, thus the cathodic sits are blocked to greater extent than the anodic sites by the inhibitor molecules except PEG 400 which shifts the corrosion potential to more positive value by increasing the temperatures. It means that this compound affects anodic reaction more than cathodic one. The electrochemical parameters ( i corr., E corr., ba bc and %EI) associated with polarization measurements at different temperatures are listed in Table 3 , where icorr., Ecorr., ba , bc and %EI are the corrosion current density, corrosion potential, anodic and cathodic Tafel slopes and inhibition efficiency, respectively. Since the corrosion rate is directly related to the corrosion current density, the inhibition efficiency (% EI) at different temperatures were calculated from the equations:
% EI =  x 100 (10) Where, iinh and inon inh are the corrosion current density in presence of inhibitor and in absence of inhibitor, respectively. And the corrosion rate (mpy) is calculated from the equation (22) , Rate (mpy) = 0.1285 x i corr x Eq.wt / d, (11) where, d; is the density and i corr , is the corrosion current density.
The activation and adsorption thermodynamic parameters are calculated by using equations 3, 4 and 5. From polarization measurements, the data are given in Table 4 .
It is clear that (Hads) values have a negative signs which mean that an exothermic reaction takes place, except in case of PEG 400 which has a positive values, that indicated an endothermic reaction took place, these behaviors were identical to that obtained from weight loss measurements.
Conclusion
All examined PEG additive compounds act as good inhibitors for aluminum corrosion in 1.0 M phosphoric acid solutions at all temperatures studied. The data indicated that the inhibition efficiencies decrease as the temperatures increasing. However, for PEG 400, the inhibition efficiency increases with increasing temperature. At ambient temperature .the adsorption of such compounds is physical adsorption except for PEG 400 which undergoes chemical adsorption owing to the lowest number of functional groups of small molecular weight then at higher temperatures the adsorption would be physical. The lone pair of electrons of oxygen atoms of hydroxyl groups plays an important role in the adsorption processes of the additives on aluminum surface. The adsorption obeys the Langmuir adsorption isotherm. The data obtained from weight loss measurements agree well with those obtained from polarization measurements. The inhibition efficiencies of these inhibitors decrease in the following order: PEG 4000 > PEG 2000 > PEG 1500 > PEG 400. 
